Effects of depolarization and NMDA antagonists on the role survival of cerebellar granule cells: a pivotal role for protein kinase C isoforms.
Primary cultures of cerebellar granule cells (CGCs) grown in high-K+ (25 mM; K25) medium progressively differentiate in vitro. Differentiation is noticeable after 3-4 days in vitro (DIV) and reach a mature stage after 8 DIV. Longer cultivation of CGCs (>13 DIV) triggers the processes of spontaneous cell death. However, if cultured in normal physiological K concentration (5 mM; K5), a significant proportion of the cells dies by the end of the first week in culture. To address the role of protein kinase C (PKC) in the development of CGCs, we measured the kinase activity as well as the protein level of the kinase isoforms. As the K25 CGC culture proceeded, the PKC activity time-dependently increased by 3.2-fold, reaching a steady state at 8 DIV. Western blot analysis using PKC isoform-specific antibodies revealed an increase in levels of PKC alpha, gamma, mu, lambda, and iota from 2 to 8 DIV. A slight increase or decrease at 4 DIV was observed for PKC epsilon and betaII, respectively, whereas no significant change was observed for betaI. The isoforms of delta, theta, eta, and zeta were not detected. Comparing the 14 DIV cultures with the 10 DIV cultures, the immunoreactivities of PKC iota and epsilon were decreased, those of PKC alpha, betaI, betaII, gamma, and lambda were unchanged, whereas that of PKC mu was still increased. In K5 cultures, the immunoreactivity of each PKC isoform at 2-4 DIV was similar to that observed in K25 cells, although no remarkable differentiation features were observed. Coordinated with the appearance of cell death at 8 DIV in low-K+ cultures, levels of PKC alpha, mu, lambda, and iota, but not the others, were markedly decreased. The NMDA receptor antagonists MK-801 and 2-amino-5-phosphopentanoic acid markedly prevented the age-induced apoptosis of CGCs, and the cells survived >18 DIV under these conditions. The cytoprotective effect of MK-801 was concomitant with the increases in levels of PKC gamma, lambda, iota, and mu at 10 and 14 DIV. In addition, the PKC epsilon level was increased at 14 DIV but decreased at early stages, whereas PKC alpha, betaI, and betaII levels were unchanged, as compared with K25 culture alone. Taken together, induction and up-regulation of PKC isoforms may play an important role in the maintenance of CGC survival by depolarization and MK-801.